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Abstract 

The soldering mechanism has been shown to represent the quantum interfer- 
ence effect between self and anti-self dual aspects of a given symmetry. This 
mechanism was used to show that the massive mode of the 2D Schwinger model 
results from the constructive interference between the right and the left massless 
modes of chiral Schwinger models. Similarly, the topologically massive modes 
resulting from the bosonization of 3D massive Thirring models of opposite 
mass signatures, are fused into the two massive modes of the 3D Proca model, 
thanks to the interference of dualities characteristic of the soldering mechanism. 
In this work, we show that the field theoretical analog of destructive quantum 
mechanical interference may also be represented by the soldering mechanism. 
This phenomenon is illustrated by the fusion of two (diffeomorphism) invariant 
self-dual scalars described by right and left chiral- WZW actions, producing a 
Hull non-mover field. After fusion, right and left moving modes disappear from 
the spectrum, displaying the claimed (destructive) interference of dualities. 



The investigation in chiral bosonization has started many years ago in the 
seminal work of Siegel(l|. Later on Gates and Siegel showed how to construct 
general interacting actions for chiral bosons, including the super symmetric and 
the non-abelian cases [g]. They used this construction to obtain the righton- 
lefton interaction by carrying out the path integral quantization in a gener- 
alized Thirring model. Alternatively, Stone || has shown that the method of 
coadjoint orbit when applied to a representation of a group associated with 
a single affine Kac-Moody algebra, provides an action for the chiral WZW 
modelQ, a non-abelian generalization of the Floreanini and Jackiw model|5|. 
This method gives an useful bosonization scheme for Weyl fermions, since a 
level one representation of LU(N) has an interpretation as the Hilbert space for 
a free chiral fermion||. The drawback is that only Weyl fermions can be dealt 
with in this way, since a 2D conformally invariant QFT has separate right and 
left current algebras. In order to overcome this difficulty, StoneQ introduced 
the idea of soldering the two chiral scalars by introducing a non-dynamical 
gauge field to remove the degree of freedom that obstructs the vector gauge 
invariance. This is connected to the observation that one needs more than the 
direct sum of two fermionic representations of the Kac-Moody algebra to de- 
scribe a Dirac fermion. Stated differently, the equality for the weights in the 
two representations is physically connected with the need to abandon one of the 
two separate chiral symmetries, and accept that only vector gauge symmetry 
should be maintained. This is the main motivation for the introduction of the 
soldering field which pervades for the fusion of dualities in all space-time dimen- 
sions. Moreover, being just an auxiliary field, it may posteriorly be eliminated 
in favor of the physically relevant quantities. This restriction will force the two 
independent chiral representations to belong to the same multiplet, effectively 
soldering them together. 

On the other hand, the role of duality as a qualitative tool in the investi- 
gation of physical systems is being gradually disclosed at different context and 
dimensions |JJ. In two space-time dimensions in particular, we face the intrigu- 
ing situation where chirality also plays the role of duality. This enables the 
investigation of the former to be performed using the techniques developed for 
the latter. Recently, this author and collaborators [||, |9|, [l^] extended the tech- 
niques of fusion or soldering, introduced by Stone ||], to investigate some new 
aspects of dualities at different space-time dimensions, and studied the physi- 
cal consequences of their combination by the soldering process. In particular, 
we have shown M that the constructive interference between the left and the 
right moving massless modes of two chiral Schwinger models[ll| of opposite 
chiralities, are soldered into the gauge invariant massive mode of the vector 
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Schwinger model. In fact, by equipping the soldering technique with gauge and 
Bose symmetry fL2| automatically select the massless sector of the chiral mod- 
els displaying the Jackiw-Rajaraman parameter that reflects the bosonization 
ambiguity by a = 1. In the 3D case, the soldering mechanism was used to show 
the result of fusing together two topologically massive modes generated by the 
bosonization of two massive Thirring models with opposite mass signatures in 
the long wave-length limit. The bosonized modes, which are described by self 
and anti-self dual Chern-Simons models [13, |j~4| , were then soldered into the 
two massive modes of the 3D Proca model||]. In the 4D case, the soldering 
mechanism produced an explicitly dual and covariant action as the result of the 
interference between two Schwarz-Sen[15] actions displaying opposite aspects 
of the electromagnetic duality) 1C]. It is our intention in this work to study the 
physical consequences of combining actions possessing truncate diffeomorphism 
invariance and opposite chiralities using the fusion of dualities technique. 

It should be mentioned that such procedure has a typical quantum mechan- 
ical nature, with no classical parallel. It is completely meaningless to perform 
the sum of two classical actions, that although describing opposite aspects of 
some (duality) symmetry, would depend on the same field. On the other hand, 
the direct sum of duality symmetric actions depending on different fields would 
not give anything new. It is the soldering process that leads to a new and non 
trivial result. In 2D, this result has been interpreted |8j as the consequence of 
the constructive interference of chiralities, by coupling the chiral scalar fields 
to a dynamical gauge field. The resulting effective gauge theory, obtained af- 
ter the elimination of the soldered scalar field through equations of motion, 
shows the presence of a mass term that is typical of the right-left quantum 
interference |H| . 

In this work we show that it is also possible to obtain the field theoreti- 
cal analogue of the "quantum destructive interference" phenomenon, by cou- 
pling the chiral scalars to appropriately truncated metric fields, known as chiral 
WZW models, or non abelian Siegel models. By soldering the two (Siegel) in- 
variant representations of the chiral WZW model(l| of opposite chiralities, the 
effective action that results from this process is shown to be invariant under the 
full diffeomorphism group, which is not a mere sum of two Siegel symmetries. 
In fact, this effective action does not contain either right or left movers, but 
can be identified with the non-abelian generalization of the bosonic non-mover 
action proposed by Hull|15], thanks to the richer symmetry structure induced 
over it by the soldering mechanism. 

To begin with, let us review some facts about the non-abelian Siegel model [p^j. 
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The action for a left mover chiral scalar is given as[], 



sJ +) (g) = J d 2 x tr (d + g d-~g + X ++ d^g d^~g) + T wz {g) , 



(1) 



where g £ G is a matrix-valued field taking values on some compact semi- 
simple Lie group G, with an algebra G. The term Fwz(g) is the topological 
Wess-Zumino functional, as defined in Ref.|19j. It is invariant under a chiral 
diffeomorphism known as Siegel transformation where, 

SX++ = -d+e- + \ ++ d-er + e_9_A ++ , (2) 

and g transforming as a scalar. This action can be seen as the WZ W action, im- 
mersed in a gravitational background, with an appropriately truncated metric 
tensor, 



s, 



1 



d Xy/-T] + rf+ tr (df,g d v g) + T wz (g) 



with rj + = det{r]~^ v ) and 
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(3) 



(4) 



Next, let us compute the Noether currents for the axial, vectorial and the 
right and left chiral transformations. The variation of the Siegel-WZW action 
(0) or (|3|) gives, 



ZS { +\g) 



J d 2 xtr\6gg2\d + {d-gg) + <9_ (A ++ d_g<?) ] } 
J d 2 x tr{gSg 2 [cL (gd + g) + d_ (X ++ ~gd^g) ] } 



(5) 



From (|5|) and the axial transformation (<? — > kgk) we obtain, 



■3 

J A 



2gd-g 



gd+g + \ ++ {gd-g + p) 



(6) 



where k € K take their values in some subgroup K C G. From the transfor- 
mation {g — > fcg/c) we obtain the vector current, 

1 denotes the 



x Our notation is as follows: x ± = ^(t ± x) are the light-cone variables and g 



fJ 



inverse matrix. 
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J7r 



2gd-g 



gd+g + \ ++ (gd-g - d-g g) 



0) 



Incidentally, it should be observed that the axial and the vectorial currents 
@ and (|7|) are dual to each other only if the following extended definition is 
adopted, 



and use of the following relations is made, 



J- 



J- 
.P 



(8) 



0) 



which is valid for all currents. Similarly, the chiral currents can be obtained 
from the left {g — > gk) and right (g — > kg) transformation. The result is , 



(+) 
L 

(-) 



2 (gdg + \ ++ gd-g) 



(10) 



and 



j£> = -2gd-~g 

J ( r } = -2X ++ gd^g. (11) 

It is crucial to notice that out of the two affine invariances of the original WZW 
model, only one is left over due to the chiral constraint d—g ~ 0. Indeed, the 
affine invariance is only present in the left sector since = and cL ' = 0, 
which implies J ( L ' ] = J { L ~\x + ), while J ( R ] / and J ( + ] ^ jjj +) (x-). 
Next we work out the details for the right chirality action, 

S^\h) = J d 2 xtr (d+hd-h + X—d+hd+Ji) -T wz (h) 

= ~ J d 2 x tr (dpKdJh) - T wz (h) , (12) 
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where 



1 



(13) 



Notice that Sq + ^ (g) and Sg 



(h) are chosen at opposite critical points, otherwise 
they will not carry different chiralities, a crucial condition for the soldering to 
be performed. The set of axial, vector and chiral Noether currents is similarly 
obtained, 



j£\h) 



(fid+h + d+hh 



J<x\h) 

4 + \h) 

4r\h) 



L 

4 +) 



jy\h) 



2 hd-h + \ 
1d+gg 

2\hd-h + \— ( hi)_h - 0+h h 

-2 d+h h 
2 d+hh 
2 A__ d+hh 
2(hd-h + \. 

0, 



hd+h 



(14) 

(15) 
(16) 

(17) 



with the corresponding interpretation analogous to that following Eq.([Tl]). 
Since the actions ([[]) and (|l2|) do correspond to opposite aspects of a sym- 
metry (chirality), the stage is set for the soldering. 

Next, let us discuss the gauging procedure to be adopted in the soldering of 
the right and the left chiral WZW actions just reviewed. The basic idea of the 
soldering procedure is to lift a global Noether symmetry present at each indi- 
vidual chiral component into a local symmetry for the composite system that, 
consequently, defines the soldered action. It is of vital importance to notice 
that the coupling with the (auxiliary) soldering gauge field is only consistent 
if use is made of the correspondent chiral current. Otherwise the equations 
of motion, after the gauging, will result being incompatible with the covariant 
chiral constraint, by the presence of an anomaly. Anomalies can certainly, be 
accommodate into the theory, but not at the expense of violating the consis- 
tence between equations of motion and gauge constraints. Here we shall adopt 
an iterative Noether procedure to lift the global (left) chiral symmetry of (|]), 



g -> gk 
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A ++ — ► A ++ 

A- -» kA_k + kd-k (18) 

into a local one. To compensate for the non-invariance of we introduce 

the coupling term, 

S^^s[ +) = si +) +A„J E (g), (19) 

along with the soldering gauge field j4_, taking values in the subalgebra K 
of K, whose transformation properties are being defined in dT8|). Using such 
transformations, it is a simple algebra to find that, 

5 (s{ +) - X++A 2 _ ) = 2 d+uj A^ , (20) 

with to £ K being an infinitesimal element of the algebra. One can see that , 

S« = s{ +) - A++ A 2 _ (21) 

cannot be made gauge invariant by additional Noether counter-terms, but it 
has the virtue of being independent of the transformation properties of g while 
depending only on the elements of the gauge algebra K. Similarly, for the right 
chirality we find, 

SS { 2 ~ ] = -2A + d-u (22) 

for 

St\h) = St\h) - A + J+(h) - A__ A\ (23) 
when the basic fields transform as, 



h — y hk 
A + -> kA + k + kd + k 

A__ -> A__. (24) 

It is important to observe that the action for the right sector depends function- 
ally on a different field, namely h £ H. Although the gauged actions for each 
chirality could not be made gauge invariant separately, with the inclusion of a 
contact term, the combined action, 

S eff = S { 2 +) +S { f ) +2A + A_, (25) 
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is invariant under the set of transformations ( J18| ) and (]2J) simultaneously. 

Following Ref.||, we eliminate the (non dynamical) gauge field An. From 
the equations of motion one gets, 



J = 2MA , 

where we have introduced the following matricial notation, 



J 



A 



and 



M 



JI(g) 



1 A +H 
A__ 1 



(26) 

(27) 
(28) 

(29) 



Bringing these results into the effective action @5|) gives, 



S, 



eff 



s( +) (g) + S^>(h) + 

|2 gd + g hd-h + A 2 gd-g hd + h- 



+ 



d 2 x- 



+ 



1 — A 2 

+ A ++ gd-g hd-h + A gd + g hd-h 

+ A__ (d + g d + g + 2A++ d + g d^g + A+ + d^g d_g^ + 

+ A ++ (d-h d-h + 2A_ d + h d + h + A 2 _ d+h d+h) } . (30) 

where A 2 = A ++ A It is now a simple algebra to show that this effective 

action does not depend on the fields g and h individually, but only on a gauge 



invariant combination of them, defined below (32). This effective action corre- 
sponds to that of a (non-chiral) WZW model coupled minimally to an effective 
metric built out of the Lagrange multipliers of the original Siegel actions, 



-7] rf 



1-A 2 



A__ 

l+A 2 



1+A 2 



(31) 



and a new (effective) field, 



Q = gh 



(32) 



S 



and reads, 

S=\J ^x^j^tr^gd^+TwziG). (33) 

Here we have used the well known property of the Wess-Zumino functional 
Twz(h) = — Twz(h), and the Polyakov-Weigman identity[19|. 

It is interesting to notice that the original chiral transformations ( |i~8l) and 
( |24| ) are now hidden, since the effective action is composed of only the gauge 
invariant objects ( |3l|) and (^). To unravel the physical contents of the effective 
soldered action (p3|), it is important to study the new set of symmetries of 
the composite theory. We first observe that under diffeomorphism the metric 
transform symmetric tensorial density, 



S\ ++ = -d +e ~ + \ 2 ++ d-e + + (d + e + -d-e~ + e + d + + e-d-)\ ++ 
5A__ = -d-e + + \ 2 __d + e- + (d-e~ -d+e + + e + d + + e-d-)\— (34) 

while the Q transforms as a scalar. It is important to observe that if we restrict 
the diffeomorphism to just one sector, say by requiring e + = 0, we reproduce 
the original Siegel symmetry for the sector described by the pair Q , A++ in the 
same way as it appears in the original chiral theory (|l]). However, under this 
restriction, A transforms in a non-trivial way as, 

5A__ = X 2 __d+e- + (3_e~ + e~d_) A__ . (35) 

The original Siegel symmetry, therefore, is not a subgroup of the diffeomorphism 
group but it is only recovered if we also make a further truncation, by imposing 

that A = 0. The existence of the residual symmetry (j35|) seems to be related 

to a duality symmetry satisfied by the effective action (|33|) when the metric is 
parametrized as in (|3l|). Under the discrete transformation, 

A±± — > t— , (36) 



the residual transformation (35) swaps to (g) while that becomes the residual 



symmetry for the opposite chiral sector. Indeed we see that the classical equa- 



tions of motion remain invariant under (36) while the effective action changes 
its signature, very much like in the original electromagnetic duality transfor- 
mation. This is obviously related to the interchange symmetry between the 
right and the left moving sectors of the theory, and seems to be of general 
validity [fTcf] , Also notice that the gauged Lagrangian in one sector, either iS 1 ^" 
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or S2 , cannot be written in a diffeomorphism invariant manner. Therefore, 
gauging in one of the sectors breaks Siegel invariance. However, let us note 
that if we integrate out either the A_ or the A + field, the Siegel theory changes 
chirality with the identification provided by (|36|) , that is again related to the 
discrete duality symmetry. 

Now comes the crucial observation. By solving the equations of motion 
and setting the X± to zero by invoking the diffeomorphism invariance discussed 
above, it is simple to see that the composite field (|32"D of the effective action 



( |33| ) describes a non-mover field, as first proposed by Hull[U]. The right and 
the left moving modes have therefore disappeared from the spectrum. The sol- 
dering procedure has clearly produced a destructive interference between left 
and right movers of the original chiral components. Moreover, it can be easily 
seen that the the coupling of chiral scalars to a dynamical gauge field before 
soldering, as done in [|| (see appendix) , will decouple the gauge sector from the 
effective soldered action. This seems to be a natural result since a non-mover 
field cannot couple to either right or left components of the vector gauge field. 
This is a distinctive result produced by the presence of the full group of dif- 
feomorphism resulting from the soldering process, that constrains the matter 
scalar field into the non- moving sector, quite in opposition to the constructive 
interference result that comes from soldering the noninvariant models. 
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